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The six study sites covered a gradient of S, N and Cl deposition from 44 to 86, 40 to 164 90, and 94 to 306 meq m -2 yr -1 , respectively (long-term mean between 1993 and 2010 165 depending on the site), with a range of soil organic carbon (SOC) content (0.8 to 48.7 %), 166 C/N ratio (3 to 70 g g -1 ), soil acidity (pH 3.6 to 7.0), and soil sensitivities to acid deposition At FLII sites soil water samples were collected every two weeks using tension 175 lysimeters (PRENART SuperQuartz soil water samplers, Plenart Equipment Aps, Denmark). 176 Twelve lysimeters were installed at each site, six located at 10 cm soil depth and the other six 177 at 50 cm soil depth. Soil water samples were collected and measured according to Level II 178 protocols described in detail in the ICP forests manual (ICP, 2006) . Water samples were 179 filtered through a 0.45 µm membrane filter and analysed for pH; total aluminium (Al), 180 calcium (Ca), magnesium (Mg), potassium (K), sodium (Na) and iron (Fe) by ICP-OES 181 (Spectro-flame, Spectro Ltd.); ammonium N (NH4-N) colorimetrically with sodium 182 salicylate and sodium dichloroisocyanurate; DOC by total carbon analyser (Shimadzu 5000, 183 Osaka, Japan) using catalytic or persulphate oxidation; and sulphate (SO4), nitrate (NO3) and Water samples were filtered and analysed for the same determinants and by the same 199 methods as soil water samples. Bulk precipitation chemistry was measured at the ECN sites. 200 Samples were collected weekly and were analysed using the same methods for the same 201 determinants as in soil water.
203
Soils at all FLII and ECN sites were surveyed between 1993 and 1995. In each plot, 204 the soil was described according to the FAO soil classification system and classified 205 according to the World Reference base for soil classification (WRB, 2014) . FLII soil 206 sampling and analyses were carried out according to the UNECE ICP Manual for Soil 207 Sampling and Analysis (2006) . ECN sites surveys were conducted using standard methods 208 (Sykes and Lane, 1996 Inputs for the MADOC model are listed in Table 2 and Table 3 . The annual drainage The scenarios for the historic DOC simulations are listed in Table 5 . These were 395 Overall, MADOC predictions corresponded well with observed concentrations of 396 major ions (Table 6 ). Observed declines in soil water SO4 were reproduced 397 398 by MADOC (Figure 3a) , although at the beginning of the monitoring period SO4 403 concentrations were underestimated relative to observations at most sites, suggesting that 404 anthropogenic S deposition was higher at this time than the extrapolated Eskdalemuir bulk also mainly predicted accurately (Figure 3d ), although the model failed to reproduce the very 408 high base cation concentrations at Sourhope in the early years, again presumably reflecting a 409 discrepancy between the S deposition data used to drive MADOC and higher true S concentrations, where the assumption is that only one driver (e.g. S deposition) is operating.
Major ions in soil solution

448
The reconstructions in Figure 6 , therefore, need to be interpreted in terms of expected long 
DOC sensitivity to the elementary drivers.
559
In general, the agreement between modelled and observed trends was primarily due to 560 the substantial reduction in modelled S deposition and consequent increase in modelled pH.
561
Modelled effects of N deposition at most sites were confined to the pre-monitoring period 562 and are therefore unlikely to explain recent DOC increases at Ladybower, Grizedale, Llyn historically, in which case current levels may be substantially higher than they were prior to 587 the industrial period. The reduction in acidity associated with a decline in non-marine Cl deposition has 590 previously been suggested to be a potential driver of slight long-term DOC increases at Moor concentrations for a range of soil types may now be higher than historical levels as a 675 consequence of the effect of N fertilisation raising the baseline. However, even the longest 676 reliable soil water DOC records only extend back for two decades or so and this is not 677 sufficient to fully disentangle possible acidification recovery and eutrophication effects.
678
Hence further evidence may be best derived through the further refinement of 679 paleolimnological reconstruction approaches that may allow changes in DOC in surface 680 waters to be inferred over centennial time scales, and continued monitoring over an extended 681 period of sulphur deposition rates that now appear to be approaching pre-industrial levels in 682 some areas.
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